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Zn-doped Sb2Te films are proposed to present the feasibility for phase-change memory application.
Zn atoms are found to significantly increase crystallization temperature of Znx(Sb2Te)1x films and
be almost linearly with the wide range of Zn-doping concentration from x¼ 0 to 29.67 at.%.
Crystalline resistances are enhanced by Zn-doping, while keeping the large amorphous/crystalline
resistance ratio almost constant at 105. Especially, the Zn26.07(Sb2Te)73.93 and Zn29.67(Sb2Te)70.33
films exhibit a larger resistance change, faster crystallization speed, and better thermal stability due
to the formation of amorphous Zn-Sb and Zn-Te phases as well as uniform distribution of Sb2Te
crystalline grains.VC 2013 American Institute of Physics. [http://dx.doi.org/10.1063/1.4799370]
Antimony-telluride alloys have received much interest
for the applications as phase change materials because of
the fact that their crystallization mechanism is growth-
dominated rather than nucleation-dominated in the widely
used Ge2Sb2Te5 (GST) materials, and, therefore, they could
exhibit quicker crystallization speed.1,2 Among all antimony-
telluride alloys, Sb2Te3 and Sb2Te have been intensively
studied, but their crystallization temperatures (Tc) are low
because of the weak bonds between antimony and tellu-
ride,3,4 and thus their potential application as phase change
materials is limited. During the past few years, various
methods have been developed to improve the crystallization
ability of antimony-telluride alloys. For instance, antimony-
telluride alloys doped with Cu,5 Ti,6 or W (Refs. 7) were
reported to possess high Tc as well as better data retention.
Nevertheless, it was also found in the literatures that
the amorphous/crystalline resistance ratio or the speed of the
crystallization in the alloys could be degraded with increas-
ing doping concentrations. Therefore, it is important to
explore other dopants in order to improve the physical
properties of the antimony-telluride alloys.
In the present work, Zn has been added as a dopant in
binary Sb2Te film to increase its amorphous thermal stability.
The selection of Zn as a chemical modifier in Sb2Te film is
based on its inheritable properties, such as low glass
transition temperature Tg (149.4 C) and melting point Tm
(419.5 C). It was reported that the impurity with a lower Tm
is helpful to reduce the joule energy applied in the phase-
change memory (PCM) layer, while a low ratio of Tg/Tm is fea-
sible to improve the crystallization speed.8 Our previous
research9 also demonstrated that Zn-doped Ge2Sb2Te5 films
exhibit excellent thermal and electrical properties, i.e., a higher
crystallization temperature (258 C), wider band gap
(0.78 eV), better data retention of 10 yr at 167.5 C, higher
crystalline resistance, and faster crystallization speed compared
with the conventional Ge2Sb2Te5. However, how Zn dopant
can affect the thermal, structural, and electrical properties of
the alloys is unclear, and this is a focus of this paper.
Zn-doped Sb2Te films with a thickness of 200 nm were
deposited on quartz and SiO2/Si (100) substrates by magne-
tron co-sputtering method using separated Zn and Sb2Te
alloy targets. In each run of the experiment, the chamber was
evacuated to 3 104 Pa and then Ar gas was introduced to
0.25 Pa for the film deposition. Pure Sb2Te and GST films
with the same thickness were also prepared for comparison.
The concentration of Zn dopant in the Zn-doped Sb2Te films
was measured using energy dispersive spectroscopy (EDS).
The sheet resistances of as-deposited films as a function of
elevated temperature (non-isothermal) or time at specific
temperatures (isothermal) were in situ measured using a
four-point probe in a homemade vacuum chamber. The
structure of as-deposited and annealed Zn-doped Sb2Te thin
films was examined by X-ray diffraction (XRD), Raman
spectra, X-ray photoelectron spectroscopy (XPS), and
Transmission electron microscopy (TEM).
Fig. 1 shows the XRD patterns of Zn-doped Sb2Te films
annealed at different temperatures for 3min in Ar atmos-
phere. There is no diffraction peak in the XRD pattern of
these as-deposited Zn-doped Sb2Te films, indicating an
amorphous nature of the films. Moreover, the amorphous
phase can be stabilized at the annealing temperature up to
150 C for Zn14.57(Sb2Te)85.43 film as shown in Fig. 1(a).
With the Zn content increasing further as shown in Figs.
1(b)–1(e), the amorphous state was kept at a higher anneal-
ing temperature to 200 C and then a crystalline phase of
Sb2Te with a hexagonal lattice (P-3ml) was observed in
these films annealed at 250 C. No other phase can be found
in these investigated films annealed at temperature up to
350 C. Moreover, we can see that all the crystalline peaks
were suppressed with the addition of Zn, indicating that Zn
atoms in the Sb2Te film served as a center for the suppres-
sion of the amorphous-to-hexagonal phase transition.a)Electronic mail: shenxiang_nbu@hotmail.com
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Fig. 2(a) displays the sheet resistances as a function
of temperature (R-T). All the films exhibit a quick drop
at their respective crystallization temperature (Tc),
indicating that all of them have a fast crystallization
speed.10,11 Moreover, the Tcs of Sb2Te, Zn14.57(Sb2Te)85.43,
Zn20.53(Sb2Te)79.47, Zn26.07(Sb2Te)73.93, Zn29.67(Sb2Te)70.33,
and Zn48.94(Sb2Te)51.06 films were found to be 144 C,
195 C, 215 C, 225 C, 252 C, and 258 C, respec-
tively. The Tc values of Zn-doped Sb2Te films are higher than
that of conventional GST films. In the inset of Fig. 2(a), we
can find that Tc increases almost linearly with Zn concentra-
tion in a wide range from x¼ 0 to 29.67 at.%. On the other
hand, it is found that the crystalline resistances of the
Znx(Sb2Te)1x films increase but the amorphous/crystalline
resistance ratio is kept at 105 with increasing Zn-doping
concentrations. These excellent properties are helpful to
achieve a lower RESET current and a higher On/OFF ratio of
PCM.12,13
Compared with pure Sb2Te film, the increase of crystal-
lization temperature with Zn concentrations indicates an
improvement of the amorphous stability. Nevertheless,
higher Tc may lead to the raise of the power consumption of
PCM SET operation. Thus, proper selection of the film
composition should balance the factors of thermal stability
of the phase-change film and possible power consumption in
order to achieve better data retention. Here, we choose
Zn26.07(Sb2Te)73.93 and Zn29.67(Sb2Te)70.33 films with rea-
sonable high Tc and further investigate its structural and
physical properties for PCM applications.
We measured the change of the resistance with time for
the Zn26.07(Sb2Te)73.93 and Zn29.67(Sb2Te)70.33 films at
different temperatures and calculated the 10-yr data retention
of Zn-doped Sb2Te films from the extrapolation of the iso-
thermal Arrhenius plots.14 Fig. 2(b) shows the fitting of fail-
ure time versus reciprocal temperature 1/kBT by the
Arrhenius equation, t¼ s exp(Ea/kBT), where t is failure time
and s is a proportional time coefficient. The extrapolation of
the fitting line indicates that the data retention temperatures
for 10 yr are 138.7 C and 161 C for the Zn26.07(Sb2Te)73.93
and Zn29.67(Sb2Te)70.33 films, respectively, which are obvi-
ously sufficient for the potential applications in automotive
electronics (at least 10 yr at 120 C).15
Raman spectra present clear evidence of phase trans-
formation in the Zn26.07(Sb2Te)73.93 and Zn29.67(Sb2Te)70.33
films annealed at different temperatures. As shown in Figs.
3(a) and 3(b), only a broad characteristic peak at
147 cm1, which is ascribed to the vibration of amor-
phous Sb-Te bonds16 can be observed in the as-deposited
films and the films annealed up to 200 C. The relatively
broad peak is attributed to the disorder present in the amor-
phous films. It is clear from the spectra that with the
increase of the annealing temperature to 250 C, the broad
Raman band is transformed into two sharp peaks (B&C as
marked in Figs. 3(a) and 3(b)), respectively, implying that
the local bonding arrangement around Sb atoms has been
modified. Interestingly, when the annealing temperature
increases from 250 C to 350 C, peak B downshifts from
123 cm1 to 112 cm1 in Zn29.67(Sb2Te)70.33 film and from
119 cm1 to 115 cm1 in Zn26.07(Sb2Te)73.93 film. Both
Raman spectra of these two films annealed at 350 C are
similar to that of Sb2Te target, revealing that their micro-
structures are quite similar.
FIG. 2. (a) Sheet resistance of Zn-doped
Sb2Te films as a function of temperature
with a heating rate of 40 C/min, and the
inset is the linear correlation between the
crystallization temperature and Zn-doping
concentration. (b) The extrapolated data
retention time of Zn-doped Sb2Te films.
FIG. 1. XRD patterns of Zn-doped Sb2Te
films annealed at different temperatures for
3min in Ar atmosphere: (a) Zn14.57(Sb2Te)85.43,
(b) Zn20.53(Sb2Te)79.47, (c) Zn26.07(Sb2Te)73.93,
(d) Zn29.67(Sb2Te)70.33, and (e) Zn48.94(Sb2Te)51.06.
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XPS spectra were further used to investigate the binding
state of Zn26.07(Sb2Te)73.93, and the results are shown in
Figs. 3(c)–3(e). The binding energy of Zn 2p3/2 at 1021.3 eV
in Fig. 3(c) for the Zn26.07(Sb2Te)73.93 film is 0.3 eV higher
than metal Zn-Zn binding energies,17 suggesting that Zn is
bonded with other elements. If we compare Sb 3d spectrum
of the Zn26.07(Sb2Te)73.93 film with that of Sb2Te film in Fig.
3(d), both peaks were found to shift to lower binding ener-
gies. Similar behaviors can be observed in the Te 3d spectra
of the Zn26.07(Sb2Te)73.93 and Sb2Te films as well, as shown
in Fig. 3(e). Since the electro-negativity of Zn (1.6) is
smaller than that of Sb (2.05) and Te (2.1), the binding
energy of Zn increases, while that of Sb or Te decreases if
Zn is bonded with Sb and Te. Therefore, the shift of the peak
position in Sb 3d and Te 3d spectra suggests a significant
change of the local chemical surrounding of Sb and Te
atoms. In combination with the XRD results where no Zn-Sb
or Zn-Te crystalline phase was observed even in the films
annealed at high temperature, it is reasonable to conclude
that these Zn–Sb or Zn–Te bonds may exist in the amor-
phous state. The amorphous Zn-Sb and Zn-Te phases with a
good thermal stability could improve the thermal stability of
the whole film, which is well consistent with in situ R-T test
results in Fig. 2(a).
Figures 4(a) and 4(b) show a bright field TEM image and
a selected area electron diffraction (SAED) pattern of the
Zn26.07(Sb2Te)73.93 film, respectively. The TEM sample was
fabricated on a micro-grid and annealed at 300 C in Ar atmos-
phere for 3min. The image shows that the Zn26.07(Sb2Te)73.93
film is homogeneously crystallized with a grain size in
the range of 10–20 nm, which is in good agreement with the
results estimated from the line-width of XRD patterns. The
uniform distribution of the crystalline grains is favorable for
inhibiting elements segregation and enhancing the stability of
the SET state in practical device. Noteworthy is that the
SAED pattern of the polycrystalline Zn26.07(Sb2Te)73.93 sug-
gests a hexagonal phase of Sb2Te, which is in agreement with
the XRD results. High-resolution transmission electron mi-
croscopy (HRTEM) images as shown in Figs. 4(c) and 4(d)
make it possible to measure the interplanar distances and con-
firm that the crystalline material is Sb2Te. The black area in
the HRTEM images also comes from Sb2Te crystalline grains,
since the measured interplanar distances match with those in
crystalline Sb2Te phase very well. On the other hand, the
white areas around the grains in the HRTEM images are amor-
phous possibly due to Zn–Sb or Zn–Te, since the lighter atoms
in the bright field TEM usually have a shallow color.
In summary, Tc and Ea values of Zn26.07(Sb2Te)73.93 and
Zn29.67(Sb2Te)70.33 films are larger than those of conventional
GST film, and this could lead to a better data retention of 10
yr at 138.7 C and 161 C, respectively. The amorphous/crys-
talline ratio is also enhanced by Zn dopant, resulting in a high
ON/OFF ratio. XRD, Raman, and TEM analysis reveal that
the Zn26.07(Sb2Te)73.93 and Zn29.67(Sb2Te)70.33 films annealed
at high temperatures contain a uniform distribution of the
crystalline Sb2Te phase that is helpful to inhibit element seg-
regation in practical device. All these results confirmed that
Zn26.07(Sb2Te)73.93 and Zn29.67(Sb2Te)70.33 films are promis-
ing for PCM applications.
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FIG. 3. Raman spectra of (a) Zn26.07(Sb2Te)73.93
and (b) Zn29.67(Sb2Te)70.33 films annealed at
different temperatures. XPS spectra for 250 C-
annealed Sb2Te and Zn26.07(Sb2Te)73.93 films:
(c) Zn 2p, (d) Sb 3d, and (e) Te 3d.
FIG. 4. (a) The bright field TEM image and (b) the SAED pattern of the
Zn26.07(Sb2Te)73.93 film annealed at 300
C for 3min (c) and (d) The
HRTEM images of the same film.
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